Introduction
Tourniquets are used in most orthopaedic operations, but surgeons vary in their practice as to whether they deflate and remove the pneumatic cuff before closure of the wound or after compressive dressings have been applied. Advocates of the former method believe that after pressure has been applied to the wound with a gauze swab, bleeding points can be sealed by diathermy (or ligature) and so a haematoma can be avoided. This reasoning is based on the theoretical assumptions or impressions gained from practical experience. There is no information available on which to base a judgment and it was for this reason that a prospective trial was set up, although it was realized that it might be difficult to reach a valid conclusion. Two surgeons (JPl and WW) whose previous practice had differed agreed to take part in the trial. Each surgeon used one of the three different prostheses, but the basic operative technique was the same in all procedures.
Methods
Eighty patients undergoing total replacement of the knee joint were allocated at random into two groups; in one, the tourniquet was removed before closure and bleeding controlled as far as possible and, in the other, the tourniquet was removed after compressive dressings had been applied. In both instances, wool and crepe bandages were used and the leg rested on a plaster back splint for four days after which active knee movement was started.
The blood loss during operation was measured by the routine method of weighing swabs and the continuing loss after operation by measuring the volume coming from two Redivac drains which were used routinely. Once the bandages were removed on the fourth day, the knees were regularly inspected in order to observe swelling, skin necrosis, excessive bruising and wound discharge.
Three types of knee replacement (Freeman, Manchester and Sheehan) were used. The average age of the patients was 63 years. Forty-six patients were receiving prophylactic lowdose heparin (5000 units twice daily); 20 of these 46 patients were in the group in which the tourniquet was removed before wound closure.
Results
Blood Loss (Table I) : Variation in blood loss was from 50 ml to 2600 ml with an average of 783 ml. The group in which the tourniquet was removed prior to closure had an average loss of 883 ml and the average for the group in which the tourniquet was removed after closure was 692 ml. The patients receiving low-dose heparin lost on average 30 ml less than those not receiving this drug, which is not a significant difference.
The patients were divided into four groups depending on the timing of tourniquet removal and treatment with low-dose heparin ( Table 2) . When analysis of variance was applied to the four groups, differences significant at the I%level were found. Further analysis showed that the only statistically significant difference was due to the timing of tourniquet removal in the patients receiving low-dose heparin. The group who were treated with heparin and had their tourniquet removed before closure lost significantly more blood than the corresponding group hose tourniquets were removed after closure. There was no other significant difference etween the groups with regards to blood loss. No patients in this series developed an early deep infection but a few had minor areas of skin necrosis or a discharge from the wound. This discharge was serous or related to a resolving haematoma, although in 7 instances a positive culture was obtained. When these factors were analysed by a X 2 test, no difference was found between any of the groups, either as regards removal of the tourniquet or the use of low-dose heparin. There was also no difference in any group between the increase in circumferential measurement of the knee or the range of movement at the end of one week.
Discussion
There is a pronounced rise in fibrinolytic activity for at least fifteen minutes after the release of an arterial tourniquet (Nakahara & Sakasashi 1967 , Klenerman et al. 1977 , so it is to be e?~cted that more bleeding might be encountered if firm pressure is not applied for that length f hl?e after the tourniquet is removed. It is, however, surprising that the increase in blood .oss IS much greater in the presence of low-dose heparin, which is not generally thought tõ nc~e~se bleeding after operation (Nicolaides et al. 1972) . Although low-dose heparin acts bỹ~h l bl t i ng factor Xa and has no direct effect on fibrinolysis, the figures in this study suggest that e combination of low-dose heparin and a tourniquet may tend to increase blood loss unless prolonged firm pressure is applied after removal of the tourniquet.
The results of this study demonstrate that the tourniquet can safely be left on until after wound closure and application of pressure dressings. Removal of the tourniquet before closure prolongs operating time (while an attempt is made to stop the bleeding) and is a practice which may be abandoned since it has no particular benefits.
Summary
;hils paper describes a prospective trial which was set up in order to decide whether after knee ep acement it is better to remove the tourniquet (pneumatic cufl) before closure of the wound or to leave it on until compressive dressings have been applied. In 80 operations studied, there was less blood loss when the tourniquet was removed after closure and bandaging, but there was no difference in wound complications. The only statistically .significant difference was attributed to the timing of tourniquet removal in those patients (about half) who were receiving low-dose heparin.
